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INTRODUCTION

Androgenetic alopecia, also referred to as male-pattern 
hair loss or common baldness in men, affects at least 50% 
of men by the age of 50 and up to 70% of all men in later life 
(Norwood, 1975). Although there is no treatment to completely 
reverse androgenetic alopecia in advanced stage, treatment 
with minoxidil or fi nasteride (or combination of both) can slow 
down and partly reverse the progression in the majority of pa-
tients who have mild to moderate stage (Otberg et al., 2007). 
The US Food and Drug Administration approved topical solu-
tion of minoxidil and low-dose fi nasteride (FNS) for the treat-
ments of the hair loss and androgenetic alopecia. 

FNS (Fig. 1) is a synthetic antiandrogen which acts as spe-

The aim of this study was to investigate the effect of charge carrier lipid on the skin penetration, retention, and hair growth of topi-
cally applied fi nasteride-containing liposomes. Finasteride-containing liposomes were prepared by traditional thin fi lm hydration 
method using Phospholipon® 85 G and cholesterol with or without charge carrier lipid (1,2 dimyristoyl-sn-glycero-3-phosphate or 
1,2-dioleoyl-trimethylammonium-propane for anionic and cationic charge, respectively). Freshly prepared fi nasteride-containing 
liposome suspension was applied on the hairless mouse skin, and skin penetration and retention were measured using Keshary-
Chien diffusion cell. Non-liposomal formulation (ethanol 10% solution containing 0.5 mg/ml of FNS) was also used as a control. 
The amount of fi nasteride in the diffusion cell and mouse skin was measured by HPLC. The hair growth was evaluated using depil-
ated male C57BL/6N mice. Mean particle size of all fi nasteride-containing liposomes was less than a micron, and polydispersity 
index revealed size homogeneity. Skin penetration and retention studies showed that signifi cantly less amount of fi nasteride was 
penetrated when applied as anionic liposome while more amount of the drug was retained. Specifi cally, in liposome prepared with 
10% anionic charge carrier lipid, penetration was 12.99 μg/cm2 while retention was 79.23 μg/cm2 after 24 h of application. In hair 
growth study, fi nasteride-containing anionic liposomes showed moderate effi cacy, but the effi cacy was not found when applied as 
cationic liposomes. In conclusion, topical application of fi nasteride using anionic liposome formulation appears to be useful option 
for the treatment of androgenetic alopecia to avoid systemic side effects of the drug.
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Abstract

cifi c inhibitor towards type II 5α-reductase, an intracellular en-
zyme that converts testosterone into 5α-dihydrotestosterone 
which is believed to cause androgenetic alopecia. There are 
two distinct isozymes of the enzyme, i.e., type I and type II. In 
humans, type I 5α-reductase is predominantly expressed in 
the sebaceous glands of most regions of skin. In contrast, type 
II 5α-reductase is predominantly found in hair follicles where 
hair growth begins as well as prostate, seminal vesicles, and 
epididymis. Therefore, FNS is widely used for the treatment of 
androgenetic alopecia and benign prostate hyperplasia.

Although FNS is effective in the treatment of androgenetic 
alopecia, oral use of this drug is largely limited due to various 
side effects such as erectile dysfunction and impotence. An-
other serious adverse effect includes gynecomastia, develop-
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ment of abnormally large mammary gland in males resulting 
in breast enlargement.

There have been several studies which showed that topi-
cal application of the drug might be better option to avoid the 
unwanted side effects encountered when orally administered 
(Tabbakhian et al., 2006; Kumar et al., 2007). Specifi cally, 
since the target tissue of FNS for the treatment of androgenet-
ic alopecia is hair follicles in the scalp, various topical formu-
lation of the drug was pursued using liposomes, ethosomes, 
niosomes, solid lipid nanoparticles, and nanostructured lipid 
carriers (Biruss and Valenta, 2006; Biruss et al., 2007; Rao et 
al., 2008; Balakrishnan et al., 2010).

In present study, we prepared charged liposome formula-
tions of FNS in an attempt to enhance delivery of the drug to 
the target tissue (hair follicle) using phosphatidylcholine, cho-
lesterol, and charge carrier lipids. 1,2-Dimyristoyl-sn-glycero-
3-phosphate monosodium salt (DMPA, negative charge) 
or 1,2-dioleoyl-3-trimethylammonium-propane chloride salt 
(DOTAP, positive charge) was used as negative or positive 
charge carrier lipid, respectively. Liposome without charge 
carrier lipid was also prepared for comparison by the same 
procedure. We performed hair growth study of FNS-containing 
liposomes using C57BL/6N mice. We also performed evalua-
tion of physical properties, skin penetration and retention stud-
ies for FNS-containing liposomes.

MATERIALS AND METHODS

Materials
Phospholipon® 85G (PL) was generously provided by the 

Phospholipid GmbH (Nattermannallee, Germany). Choles-
terol (CH) was obtained from Wako Pure Chemical Industries 
(Osaka, Japan). FNS was kindly gifted from Dong-A Pharma-
ceutical Co., Ltd. South Korea, and ibuprofen was obtained 
from Sigma Chemical Co., (St. Louis, USA). Dialysis bag 
(Spectra/Por no. 2, MWCO: 12,000-14,000 g/mole) was pur-
chased from Spectrum Laboratories Inc. (Rancho Dominguez, 
USA). 1,2-Dimyristoyl-sn-glycero-3-phosphate monosodium 
salt (DMPA) and 1, 2-dioleoyl-trimethylammonium-propane 
chloride salt (DOTAP) were purchased from Avanti Polar 

Lipids (Alabaster, AL). All other chemicals were of analytical 
grade and used without further purifi cation.

Preparation of FNS-containing liposomes
FNS-containing liposomes were prepared by traditional 

thin fi lm hydration method. Composition of FNS-containing 
liposomes is listed in Table 1. Accurately weighed amount of 
each constituent was transferred to a 100-ml round bottom 
fl ask and dissolved in a mixture of chloroform and methanol 
(2:1, v/v). The organic solvent was removed under vacuum by 
rotary evaporator at 35oC for 15 min to form a thin fi lm on the 
wall of the fl ask. Subsequently, the residual organic solvent 
was suctioned for 2 h to ensure complete removal. The dried 
lipid fi lm was hydrated with 20 ml of distilled water for 2 h at 
60oC with gentle agitation. The liposome thus obtained was 
allowed to anneal overnight at 4oC and sonicated for 10 min 
in bath sonicator (42 KHz) for size reduction. The resultant 
dispersion was transferred to nitrogen purged vials and stored 
at 4oC until further studies.

Physical properties of liposomes
Particle size and zeta potential of FNS-containing liposomes 

were measured by electrophoretic light scattering spectrom-
eter (ELS-8000, OTSUKA Electronics Co. Ltd., Japan) at room 
temperature. FNS-containing liposome suspension was dilut-
ed with distilled water before the measurement to adjust the 
intensity. The system was used in the auto-measuring mode 
at 80 mV. Polydispersity index was also determined as a mea-
surement of particle size homogeneity of the prepared lipo-
somes. A small value of polydispersity index (<0.3) indicates 
homogeneous liposome population.

HPLC assay
FNS was determined using HPLC system (Shimadzu, Ja-

pan) equipped with Class VP computer software, LC 10 AD 
VP pump, and SPD 10A UV-VIS detector at 210 nm. Column 
used was Inertsil ODS-3 (4.6×150 mm, GL Science Inc, Ja-
pan) and the mobile phase consisted of acetonitrile and dis-
tilled water (60:40) adjusted to pH 2.8 with phosphoric acid. 
Ibuprofen was used as internal standard for the assay. Flow 

Fig. 1. Chemical structure of fi nasteride: N-(1,1-dimethylethyl)-3-
oxo-(5α, 17β)-4-azaandrost-1-ene-17-carboxamide.

Table 1. Composition of liposomes containing fi nasteride

Code PL  (mg) CH (mg)

Charge carrier lipid
Finaste-
ride (mg)DMPA 

(mg)
DOTAP 

(mg)

NL
AL-1
AL-5
AL-10
CL-1
CL-5
CL-10

100
100
100
100
100
100
100

50
50
50
50
50
50
50

-
1.5
7.5
15
-
-
-

-
-
-
-

1.5
7.5
15

10
10
10
10
10
10
10

AL: liposomes prepared with anionic charge carrier lipid; CH: cho-
lesterol, CL: liposomes prepared with cationic charge carrier lipid, 
DMPA: 1,2-dimyristoyl-sn-glycero-3-phosphate monosodium salt, 
DOTAP: 1,2-dioleoyl-trimethylammonium-propane chloride salt, 
NL: liposomes prepared without charge carrier lipid, PL: Phospho-
lipon® 85 G.
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rate was 1 ml/min and the injection volume of the sample was 
20 ml. Validation of the HPLC assay was performed by re-
peating fi ve times a day for fi ve consecutive days under the 
same ambient condition in the range of 0.05-50 μg/ml con-
centration. Linearity of calibration curve for determination of 
FNS was r2=0.9997. The regression equation was as follows: 
y=0.817x+0.0138.

Skin penetration and retention studies
Animal care and procedures were conducted according to 

the guidelines for animal use in toxicology (Society of Toxi-
cology USP 1989) and the study protocol was approved by 
the Animal Care and Use Committee, College of Pharmacy, 
Yeungnam University. Seven-week-old male hairless mice 
(weighing 35 ± 3.0 g) were obtained from Orient Bio (Seoul, 
Korea) and housed in groups not exceeding six per cage and 
maintained under standard conditions. The acclimation pe-
riod was two weeks before the experimental procedure with 
a dark/light cycle of 12 h/12 h at the temperature of 23 ± 2oC. 
Food and tap water were available ad libitum during the ac-
climation period. Mice were sacrifi ced and full-thickness skin 
was taken, followed by removal of subcutaneous fat adhering 
to dermis with a scalpel. Approximately 3×3 cm of the trimmed 
skin was placed into Keshary-Chien diffusion cell with 2.1 cm2 
diffusion area.

Freshly prepared FNS-containing liposome suspension (0.5 
ml) was applied on the skin and allowed to spread over the 
skin. The donor compartment (epidermal layer of the skin) and 
the sampling port were covered by parafi lm to avoid evapora-
tion during the study, and the receptor compartment (dermal 
layer of the skin) was perfused with distilled water maintain-
ing temperature at 37oC. Preliminary experiments confi rmed 
the maintenance of the sink conditions by this procedure. At 
predetermined time intervals for 24 h (1, 3, 6, 9, 12 and 24 
h), aliquots of 0.5 ml were withdrawn, and were replaced with 
equal volume of receptor medium to maintain the receptor vol-
ume at a constant level. Samples were diluted appropriately 
and measured by HPLC. Non-liposomal formulation (ethanol 
10% solution containing 0.5 mg/ml of FNS) was also used in 
this study as a control. 

Followed by skin penetration experiments, skin retention 
study was performed with the effective penetration part (2.1 
cm2) of the skin. The skin was washed with distilled water ten 
times and blotted with tissue paper to remove any adhering 
formulation from the surface. The skin was homogenized with 
distilled water under ice bath followed by centrifugation at 
12,000 g for 5 min. The supernatant was collected and mixed 
with same volume of absolute ethanol and subjected to vortex 
for 30 sec and centrifugation at 16,000 g for 3 min. The clear 
supernatant thus obtained was used for skin retention study 
by using HPLC assay described above.

Hair growth study
The detailed procedure of hair growth study was described 

elsewhere (Shanmugam et al., 2009). Briefl y, The hair on the 
back of seven-week-old male mice (weighing 32 ± 2.5 g) was 
removed by electric clipper and depilated using thioglycolic 
acid 80% cream one day before applying the samples. Freshly 
prepared FNS-containing liposome suspension (0.2 ml) was 
applied onto the depilated back of the mice (n=5) and allowed 
to dry. The sample application was done once a day for twenty 
days. Saline solution (0.9%) and Minoxyl® (minoxidil 5% solu-

tion) were also used as negative and positive control, respec-
tively. The hair growth was evaluated every fi ve days using 
quantifi cation scale reported by Chen and his colleagues (0: 
initial state, 1: grey to black coloration, 2: short visible hair, 3: 
sparse long hair, 4: dense long hair, 5: complete hair growth) 
(Fig. 2) (Chen et al., 2005).

Data analysis
All the data obtained were analyzed by a one-way analysis 

of variance (ANOVA) using SPSS 12.0 for windows program 
and signifi cance level of p<0.05 were used to indicate the sta-
tistically signifi cant difference between data sets.

RESULTS

Mean particle size of FNS-containing liposome prepared 
without charge carrier lipid was 360.2 nm. Liposomes pre-
pared with anionic (DMPA) or cationic (DOTAP) charge car-
rier lipid showed slightly smaller size than that of liposome 
prepared without charge (Table 2). The size decreased in 
proportion to the amount of charge carrier lipid added in both 
anionic and cationic liposomes. Polydispersity index of the 
FNS-containing liposomes was less than 0.3 in all liposomes, 
indicating homogeneity of the particle size. Zeta potentials for 
the FNS-containing anionic liposomes were −28.4, −31.2, and 
−34.8 mV in AL-1, AL-5, AL-10, respectively. Zeta potentials 
for the FNS-containing cationic liposomes were +26.5, +32.4, 

Fig. 2. Hair growth quantifi cation scale. 0: initial state, 1: grey to 
black coloration, 2: short visible hair, 3: sparse long hair, 4: dense 
long hair, 5: complete hair growth.

Table 2. Physical properties of liposome containing fi nasteride

Code Size (nm) PI Zeta potential (mV)

  NL
  AL-1
  AL-5
  AL-10
  CL-1
  CL-5
  CL-10

360.2 ± 12.6
354.2 ± 13.5
304.8 ± 12.6
285.6 ± 15.9
336.8 ± 12.6
287.6 ± 19.8
279.6 ± 15.7

0.24
0.25
0.25
0.24
0.16
0.18
0.23

 -
−28.4 ± 2.3
−31.2 ± 3.2
−34.8 ± 3.7
  26.5 ± 2.7
  32.4 ± 3.1
  38.1 ± 2.6

AL: liposomes prepared with anionic charge carrier lipid, CL: lipo-
somes prepared with cationic charge carrier lipid, NL: liposomes 
prepared without charge carrier lipid, PI: polydispersity index.
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and +38.1 mV in CL-1, CL-5, CL-10, respectively. 
The FNS-containing liposomes were investigated for their 

ability to deliver FNS through the hairless mouse skin for 24 
h using Keshary-Chien diffusion cell in vitro. The skin pen-
etration study showed that penetration of the drug remarkably 
increased in cationic liposomes compared to both neutral li-
posome and non-liposomal formulation (ethanol 10% solution 
containing 0.5 mg/ml of FNS) (Fig. 3). Cumulative amount of 
FNS penetrated through the skin for 24 h was 22.35, 33.31, 
and 37.50 μg/cm2 in CL-1, CL-5, and CL-10, respectively, 
while it was 7.03 μg/cm2 in neutral liposome and 4.78 μg/
cm2 in non-liposomal formulation. This amount represents 3-5 
times and 5-8 times increase of skin penetration compared to 
neutral liposome and non-liposomal formulation, respectively. 

Cumulative amount of FNS penetrated through the skin for 24 
h was 8.84, 10.53, and 12.99 μg/cm2 in AL-1, AL-5, and AL-10, 
respectively.

The FNS-containing liposomes were also investigated for 
the amount of FNS retented in the skin after 24 h. The skin 
retention study showed that retention of the drug was 65.80, 
62.81, and 51.26 μg/cm2 in CL-1, CL-5, and CL-10, and it was 
84.59, 87.08, and 79.23 μg/cm2 in AL-1, AL-5, and AL-10, re-
spectively (Fig. 4). The amount of FNS retented in neutral li-
posome and non-liposomal formulation was only 42.47 and 
17.81 μg/cm2, respectively. This result represents that, when 
FNS was applied as anionic liposome, the amount of the drug 
retented in the skin was about two times compared to applica-
tion as neutral liposome. When compared to non-liposomal 
formulation of the drug, it was about four times increase.

The effect of FNS-containing liposomes on the hair growth 
was investigated and depicted in Fig. 5. The degree of hair 
growth was evaluated by visual scoring of hair growth quan-

Fig. 3. Cumulative amount of fi nasteride penetrated through hair-
less mice skin (n=6). AL: anionic liposome, CL: cationic liposome, 
FNS: fi nasteride, NL: neutral liposome, numbers following AL or CL 
represent percentage of charge carrier lipid (refer to Table I). * and 
** represent p<0.05 and p<0.01 compared to NL, respectively.

Fig. 4. Amount of fi nasteride retained in hairless mice skin after 
skin penetration study (n=6). AL: anionic liposome, CL: cationic 
liposome, FNS: fi nasteride, NL: neutral liposome, numbers follow-
ing AL or CL represent percentage of charge carrier lipid (refer to 
Table 1). * and ** represent p<0.05 and p<0.01, respectively.

A

B

Fig. 5. Hair growth quantification score after application of fin-
asteride-containing liposomes (n=5). (A) Cationic liposomes, (B) 
Anionic liposomes. AL: anionic liposome, CL: cationic liposome, 
NL: neutral liposome, numbers following AL or CL represent per-
centage of charge carrier lipid (refer to Table 1). * and ** represent 
p<0.05 and p<0.01, respectively.
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tifi cation scale as described in the hair growth study section 
and Fig. 2. Neutral and cationic liposomes of the drug did not 
show signifi cant difference from negative control in terms of 
hair growth quantifi cation score (Fig. 5A). In contrast, anionic 
liposomes of the drug showed moderate increase compared 
to both neutral liposome and negative control (Fig. 5B). Par-
ticularly, AL-5 (FNS-containing liposome prepared with 5% an-
ionic charge carrier lipid) showed statistically signifi cant hair 
growth improvement compared to neutral liposome (p<0.05). 
The hair growth quantifi cation score was 4.36 ± 0.34 after 20 
days of treatment with AL-5 while it was 3.53 ± 0.21 and 3.13 
± 0.35 for treatment with NL and negative control, respectively. 
However, the effi cacy was not comparable to minoxidil 5% so-
lution which is widely used topical formulation for the treat-
ment of alopecia 

DISCUSSION

FNS is drug of choice for the treatment of androgenetic 
alopecia since it was approved by US Food and Drug Admin-
istration in 1997. However, the use of the drug has been impli-
cated in problematic side effects such as sexual disturbance 
and gynecomastia (Mella et al., 2010). Furthermore, the drug 
is associated with incidence of high-grade prostate cancer 
(Thompson et al., 2003; Thompson et al., 2008; Lebdai et al., 
2010). Therefore, topical formulation of the drug has been an-
ticipated as an alternative route for the drug application. In the 
present work, therefore, we prepared liposome formulation of 
the drug using soybean lecithin (Phospholipon® 85 G, a leci-
thin enriched with phosphatidylcholine) and cholesterol. The 
extent of penetration and retention of the drug depends on the 
physicochemical properties of the drug itself combined with 
the infl uence of the composition of the liposomes. Lipid layer 
in the stratum corneum of skin contains high ratio of negative-
ly charged lipids. Therefore, surface charge on the liposome 
may play a role in penetration and retention behavior of the 
drug by electrostatic interaction during permeation process 
through the skin (Rojanasakul et al., 1992; Piemi et al., 1999).

We prepared neutral, anionic, and cationic liposome formu-
lations of FNS using Phospholipon® 85 G and cholesterol (mo-
lar ratio of 1:1) with addition of charge carrier lipid, i.e., DMPA 
and DOTAP. Cholesterol was added to protect phosphatidyl-
choline from oxidation and to provide rigidity to the liposome 
vesicles (Allen et al., 1991; Grit et al., 1993). Weight percent-
age of the charge carrier lipid was varied from 1-10% to see 
the effect on physical properties and hair growth of the lipo-
somal formulations. Particle size of all liposome formulations 
containing FNS was less than a micron, and polydispersity 
index revealed size homogeneity of the prepared liposomes. 
Smaller size in the charged liposomes appears to be due to 
electrostatic repulsion between the vesicles.

Skin penetration study was performed with 0.5 ml of FNS-
containing liposome suspension (equivalent to 0.25 mg of 
FNS) or same volume of ethanol 10% solution containing 0.5 
mg/ml FNS. In terms of cumulative amount of FNS penetrated 
through hairless mouse skin, it was signifi cantly higher when 
applied as cationic liposome, compared to anionic liposome 
(p<0.01). Specifi cally, CL-10 showed highest amount reaching 
37.5 μg/cm2, representing 31.5% of total drug applied on the 
skin. In contrast, it was only 8.84 μg/cm2 in AL-1 which ac-
counts for only 7.43% of total drug applied. It is not clear why 

the drug loaded into cationic liposomes resulted in greater 
penetration over anionic liposomes. But it appears that cat-
ionic charge on the surface of liposome played a role because 
epidermis layer contains negatively charged lipids (Burnette 
and Ongpipattanakul, 1987; Kirjavainen et al., 1996). This 
speculation is further supported by the fact that the higher per-
centage of DOTAP shows the greater penetration.

Interestingly, however, the amount of FNS retented after 
24 h penetration study was not in consistent with penetration 
study result. In fact, the amount of the drug retention was gen-
erally greater when applied as anionic liposomes compared to 
cationic liposomes. Specifi cally, it was 79.23 μg/cm2 in AL-10 
while it was 51.26 μg/cm2 in CL-10 (p<0.05). It appears that 
the drug loaded into negatively charged liposome remained 
in the skin layer due to electrostatic repulsion between the 
liposome and epidermis layer. However, it is not clear why the 
amount of the drug retented is greater when applied as anion-
ic liposome compared to cationic liposomes. Further research 
is warranted to elucidate the mechanistic difference between 
the negatively and positively charged liposomes of the drug.

Since the fi nal outcome of our FNS-containing formulation 
is hair growth, we performed hair growth study for 20 days us-
ing depilated C57BL/6N mice. In the present study, the drug 
loaded into anionic liposomes showed moderate enhancement 
of the hair growth, but the enhancement was not found when 
the drug was applied as cationic liposomes. The reason why 
FNS-containing anionic liposomes were more effective than 
cationic liposomes might be associated with greater retention 
in the skin (Fig. 4). Although anionic liposomes showed gener-
ally better enhancement compared to cationic liposomes, both 
liposomes were not as effective as minoxidil 5% solution.

FNS exerts its effi cacy of alopecia treatment by inhibition of 
type II 5α-reductase in the systemic level, reducing both se-
rum and tissue concentration of 5α-dihydrotestosterone (Ritt-
master et al., 1992; Peters and Sorkin, 1993). This is why FNS 
causes problematic side effects such as sexual disturbance, 
gynecomastia, and high-grade prostate cancer. Considering 
that conversion from testosterone to 5α-dihydrotestosterone 
also takes place in hair follicles (Fazekas and Sandor, 1972; 
Takayasu et al., 1980; Hoffmann and Happle, 2000), topical 
application of the drug may be a reasonable option. Although 
hair growth enhancement in our study was not comparable to 
currently available topical preparation (minoxidil 5% solution), 
future study with different lipid composition along with various 
charge carrier lipids may lead to comparable or even better 
formulations for the treatment of androgenetic alopecia. Such 
topical formulation would be advantageous for patients with 
androgenetic alopecia who need fi nasteride without the risk of 
side effects associated with oral use of the drug.

In the present study, fi nasteride-containing liposomes with 
anionic surface charge showed moderate enhancement of the 
hair growth, but the enhancement was not found when the 
drug was applied as liposomes with cationic surface charge. 
Therefore, topical application of fi nasteride using anionic lipo-
some formulation appears to be useful option for the treatment 
of androgenetic alopecia to avoid systemic side effects of the 
drug.

ACKNOWLEDGMENTS

This research was supported by the Yeungnam University 



236

Biomol  Ther 19(2), 231-236 (2011)

DOI: 10.4062/biomolther.2011.19.2.231

research grants in 2010.

REFERENCES

Allen, T. M., Austin, G. A., Chonn, A., Lin, L. and Lee, K. C. (1991) Up-
take of liposomes by cultured mouse bone marrow macrophages: 
infl uence of liposome composition and size. Biochim. Biophys. 
Acta. 1061, 56-64.

Balakrishnan, P., Shanmugam, S., Lee, W. S., Lee, W. M., Kim, J. O., 
Oh, D. H., Kim, D. D., Kim, J. S., Yoo, B. K., Choi, H. G., Woo, J. S. 
and Yong, C. S. (2010) Formulation and in vitro assessment of min-
oxidil niosomes for enhanced skin delivery. Int. J. Pharm. 377, 1-8.

Biruss, B., Dietl, R. and Valenta, C. (2007) The infl uence of selected 
steroid hormones on the physicochemical behavior of DPPC lipo-
somes. Chem. Phys. Lipids. 148, 84-90.

Biruss, B. and Valenta, C. (2006) Skin permeation of different steroid 
hormones from polymeric coated liposomal formulations. Eur. J. 
Pharm. Biopharm. 62, 210-219.

Burnette, R. R. and Ongpipattanakul, B. (1987) Characterization of the 
permselective properties of excised human skin during iontophore-
sis. J. Pharm. Sci. 76, 765-773.

Chen, C. H., Sheu, M. T., Wu, A. B., Lin, K. P. and Ho, H .O. (2005) 
Simultaneous effects of tocopheryl polyethylene glycol succinate 
(TPGS) on local hair growth promotion and systemic absorption 
of topically applied minoxidil in a mouse model. Int. J. Pharm. 306, 
91-98.

Fazekas, A. G. and Sandor, T. (1972) Metabolism of androgens by 
isolated human hair follicles. J. Steroid Biochem. 3, 485-491.

Grit, M., Zuidam, N. J., Underberg, W. J. and Crommelin, D. J. (1993) 
Hydrolysis of partially saturated egg phosphatidylcholine in aque-
ous liposome dispersions and the effect of cholesterol incorpora-
tion on hydrolysis kinetics. J. Pharm. Pharmacol. 45, 490-495.

Hoffman, R. and Happle, R. (2000) Current understanding of andro-
genetic alopecia. Part II: Clinical aspects and treatment. Eur. J. 
Dermatol. 10, 410-417.

Kirjavainen, M., Urtti, A., Jaaskelainen, I., Suhonen, T. M., Paronen, 
P., Valjakka-Koskela, R., Kiesvaara, J. and Monkkonen, J. (1996) 
Interaction of liposomes with human skin in vitro--the infl uence of 
lipid composition and structure. Biochim. Biophys. Acta. 1304, 179-
189.

Kumar, R., Singh, B., Bakshi, G. and Katare, O. P. (2007) Develop-
ment of liposomal systems of fi nasteride for topical applications: 
design, characterization, and in vitro evaluation. Pharm. Dev. Tech-
nol. 12, 591-601. 

Lebdai, S., Bigot, P. and Azzouzi, A. R. (2010) High-grade prostate 

cancer and fi nasteride. BJU Int. 105, 456-459.
Mella, J. M., Perret, M. C., Manzotti, M., Catalano, H. N. and Guyatt, G. 

(2010) Effi cacy and safety of fi nasteride therapy for androgenetic 
alopecia: a systematic review. Arch. Dermatol. 146, 1141-1150.

Norwood, O. T. (1975) Male pattern baldness: classifi cation and inci-
dence. South Med. J. 68, 1359-1365.

Otberg, N., Finner, A. M. and Shapiro, J. (2007) Androgenetic alope-
cia. Endocrinol. Metab. Clin. North Am. 36, 379-398.

Peters, D. H. and Sorkin, E. M. (1993) Finasteride. A review of its po-
tential in the treatment of benign prostatic hyperplasia. Drugs 46, 
177-208.

Piemi, M. P., Korner, D., Benita, S. and Marty, J. P. (1999) Positively 
and negatively charged submicron emulsions for enhanced topical 
delivery of antifungal drugs. J. Control. Rel. 58, 177-187.

Rao, Y., Zheng, F., Zhang, X., Gao, J. and Liang, W. (2008) In vitro per-
cutaneous permeation and skin accumulation of fi nasteride using 
vesicular ethosomal carriers. AAPS Pharm. Sci. Tech. 9, 860-865.

Rittmaster, R. S., Lemay, A., Zwicker, H., Capizzi, T. P., Winch, S., 
Moore, E. and Gormley, G. J. (1992) Effect of fi nasteride, a 5 alpha-
reductase inhibitor, on serum gonadotropins in normal men. J. Clin. 
Endocrinol. Metab. 75, 484-488.

Rojanasakul, Y., Wang, L. Y., Bhat, M., Glover, D. D., Malanga, C. J. 
and Ma, J. K. (1992) The transport barrier of epithelia: a compara-
tive study on membrane permeability and charge selectivity in the 
rabbit. Pharm. Res. 9, 1029-1034.

Shanmugam, S., Baskaran, B., Nagayya-Sriraman, S., Yong, C. S., 
Choi, H. G., Woo, J. S. and Yoo, B. K. (2009) The effect of methyl-
sulfonylmethane on hair growth promotion of magnesium ascorbyl 
phosphate for the treatment of alopecia. Biomol. Ther. 17, 241-248.

Tabbakhian, M., Tavakoli, N., Jaafari, M. R. and Daneshamouz, S. 
(2006) Enhancement of follicular delivery of fi nasteride by lipo-
somes and niosomes 1. In vitro permeation and in vivo deposition 
studies using hamster fl ank and ear models. Int. J. Pharm. 323, 
1-10.

Takayasu, S., Wakimoto, H., Itami, S. and Sano, S. (1980) Activity of 
testosterone 5 alpha-reductase in various tissues of human skin. J. 
Invest. Dermatol. 74, 187-191. 

Thompson, I. M., Goodman, P. J., Tangen, C. M., Lucia, M. S., Miller, 
G. J., Ford, L. G., Lieber, M. M., Cespedes, R. D., Atkins, J. N., 
Lippman, S. M., Carlin, S. M., Ryan, A., Szczepanek, C. M., Crow-
ley, J. J. and Coltman, C. A. Jr. (2003) The infl uence of fi nasteride 
on the development of prostate cancer. N. Engl. J. Med. 349, 215-
224.

Thompson, I. M., Tangen, C. M., Parnes, H. L., Lippman, S. M. and 
Coltman, C. A. Jr. (2008) Does the level of prostate cancer risk af-
fect cancer prevention with fi nasteride? Urology 71, 854-857.




